Thiocyanate is present in the human body as a metabolic degradation product of sulfur-containing compounds in tobacco. It is a detoxication product of cyanide, and its content is higher in the body fluids of smokers. For this reason, the concentration of thiocyanate has been considered to be a good indicator for distinguishing between smokers and non-smokers. [1] [2] [3] Thiocyanate is also administered as a drug in the treatment of thyroid conditions. In addition, higher concentrations of thiocyanate in the human body can lead to vertigo unconsciousness. Therefore, an accurate and reliable method for the determination of thiocyanate in biological samples is of medical interest.
Introduction
Thiocyanate is present in the human body as a metabolic degradation product of sulfur-containing compounds in tobacco. It is a detoxication product of cyanide, and its content is higher in the body fluids of smokers. For this reason, the concentration of thiocyanate has been considered to be a good indicator for distinguishing between smokers and non-smokers. [1] [2] [3] Thiocyanate is also administered as a drug in the treatment of thyroid conditions. In addition, higher concentrations of thiocyanate in the human body can lead to vertigo unconsciousness. Therefore, an accurate and reliable method for the determination of thiocyanate in biological samples is of medical interest.
Several methods for the determination of thiocyanate have been reported. A spectrophotometric method is mainly based on the formation of the red Fe(III)-thiocyanate complex, 4, 5 which can meet the requirement of sensitivity for the determination of thiocyanate in body fluids, but dose not possess sufficient selectivity. Other methods such as linear sweep polarography, 6 ion-selective electrods, 7,8 pulse polarography, 9 gas chromatography 10,11 and fluorometry, 12 were also used for the determination of thiocyanate. Unfortunately, most of these are laborious to perform and involve the use of harmful reagents. Also, because some of those need more expensive instruments, they cannot be easily popularized.
In this work, a detailed study of the appropriate conditions for the inhibition effect of thiocyanate on the oxidation of Methyl Red by potassium bromate in the presence of nitrite was performed. The reaction was monitored spectrophotometrically at the maximum wavelength of the Methyl Red (520 nm) while measuring the change in the absorbance with time.
Experimental

Reagents
All of the chemicals used were of analytical-reagent grade. Sub-boiling, distillated water was used throughout.
A 0.0145 M solution of sodium nitrite was prepared and stored in a brown bottle. A few milligrams of sodium hydroxide were added to prevent its decomposition. A potassium bromate solution (0.002 M) was prepared by dissolving 0.0334 g of KBrO3 (Merck) in triply distilled water. Five milliliters of sulfuric acid (98% Merck) were added to a bromate solution, and the resulting solution was made up to the mark in a 250 ml calibrated flask. A Methyl Red solution (7.4 × 10 -4 M) was prepared by directly dissolving 0.05 g of Methyl Red in a mixture of water and 7 ml sulfuric acid 98% in a 250 ml volumetric flask. The solution was stable for at least two months. A thiocyanate solution (0.01233 M) was prepared by directly dissolving 0.2990 g of KSCN and diluted to the mark using triply distilled water in a 250 ml calibrated flask.
Apparatus
A 662 probe-type photometer (Metrohm), and a Model D1 thermostatically controlled bath (HAAKE) were used.
Procedure
After a suitable aliquot of a sample solution containing of 0.05 -1.1 µg of SCNwas transferred into a 10 ml volumetric flask, 1.5 ml of a 7.4 × 10 -5 M Methyl Red solution and 1.3 ml of a 0.002 M bromate solution were added. The solution was diluted to 10 ml water. The mixture was mixed and transferred into a glass cell. The time was measured just after the instantaneous addition of nitrite using a recalibrated micropipette. The reaction was monitored by recording the absorbance against water at 520 nm. The absorbances vs. time data from the spectrophotometer were collected with a laboratory-written program, in QUCIKBASIC. 
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Effects of variables
To obtain the maximum sensitivity in the determination of thiocyanate, we studied the effect of several variables on the rate of catalyzed and inhibited catalyzed reactions, as follows.
The effect of sulfuric acid on the catalyzed and inhibited catalyzed reaction was studied in the concentration range 0.06 -0.15 M. When the concentration of H2SO4 was more than 1 M, a fading reaction of the Methyl Red-BrO3was completed in about 1 min, even without a catalyst. The rate of the catalyzed reaction increased with an increase of H2SO4 concentration so as to compromise between the sensitivity and the rate; the concentration of H2SO4 had to be 0.13 M, as specified in the procedure.
The effect of the bromate concentration on the rate of the catalyzed reaction in the 8 × 10 -5 -3 × 10 -4 M range of the bromate concentration was studied. The rate of sample reaction increased up to 3 × 10 -4 M BrO3 -. Above 2.6 × 10 -4 M of bromate, the reaction rate became too fast; thus this concentration was used for the study. The effect of the Methyl Red concentration on the catalyzed reaction rate was studied in the range 3.7 × 10 -6 -1.33 × 10 -5 M Methyl Red at the optimum concentration of others reagents. Above the 1.1 × 10 -5 M of Methyl Red, the absorbance as well as the reaction rate was increased. To establish precise conditions, this concentration was chosen as the optimum concentration.
The effect of the nitrite concentration on the inhibited catalyzed reaction was studied in the concentration range 0.3 -3 µg ml -1 of nitrite; the best result was obtained at 2 µg ml -1 of nitrite. This concentration had the maximum percentage inhibition, as described in the calibration section.
The effect of the temperature on the rate of catalyzed and inhibited reactions was studied in the 15 -40˚C range at the optimum reagent concentration. The results show that 25˚C is best, since at higher temperatures the inhibition effect of thiocyanate is decreased, causing a very increasing in the rate, thus 25˚C was used throughout the study.
The effect of the ionic strength on the rate of catalyzed and inhibited catalyzed reactions under the optimum condition was studied using sodium nitrate (2 M). The results show that the reaction rate was independent of the ionic strength until 0.3 M of sodium nitrite.
Calibration
The Savitzky-Golay convolution method was used to calculate the reaction rate and the smoothing the reaction rate. 13 The method used to construct calibration plots in the kinetic determination of inhibitors, as described by Perez-Bendito, 14 was commonly run by plotting the percentage inhibition as a function of the inhibitor concentration.
The percentage inhibition, (I%) was calculated from: I% = 100(∆ν)sample/(∆ν)blank, where (∆ν)sample and (∆ν)blank denote the measured variable (initial rate, absorbance, etc.) for the catalyzed reaction with respect to the inhibited recation, respectively.
Under the optimum conditions of all variables affected which reaction rate (Methyl Red, 1.1 × 10 -5 M; BrO3 -, 2.6 × 10 -4 M; nitrite, 2 µg ml -1 ; sulfuric acid, 0.13 M; ionic strength, 0.3 M; temperature, 25˚C) a calibration plot is obtained in the concentration range 0.05 -1.1 µg ml -1 of SCN -.
In the concentration range 0.05 -1.1 µg ml -1 of thiocyanate, a regression equation, I% = 4.6 + 262.6C, with a correlation coefficient of 0.9982 was obtained, where C is the µg ml -1 of thiocyanate. The theoretical limit of the detection LOD = KSb/m 15 was 0.025 µg ml -1 of thiocyanate, where K = 3, Sb is the standard deviation of the blank signals and m is the slpoe of the calibration plot. The relative standard deviation for 8 repeated determination of thiocyanate was 1.87% for 0.7 µg ml -1 of thiocyanate.
Interference study
Under the chosen experimental conditions, to study the selectivity of the proposed method, the effect of various cations and anions on the reaction rate of 0.7 µg ml -1 of SCNwas tested. The results are summarized in Table 1 along with the maximum tolerance limit for each ion. The tolerance limit was taken as the concentration of diverse ion causing less than a 3% relative error. As can be seen, many anions and cations have no considerable effect on the determination of SCN -. However, the presence of SO3 -, Br -, I -, Hg 2+ and Ag + ions causes serious interference. The interfering effect of cations was removed by passing the solution from a column containing a strongly acidic H + -form cation exchanger.
Application
To evaluate the analytical applicability of the method, the proposed method was applied to the determination of SCNin three different urine samples and recovery tests. After collecting the samples and centrifuging for 5 min, a 0.5 ml volume of each sample was diluted to a 10.0 ml volumetric flask and analyzed using the proposed method. The obtained thiocyanate content in the urine samples and the result of addition recovery tests are shown in Table 2 . The results show that the method is suitable for the analysis of real samples. R, % (n = 8) Table 2 Determination of SCNin urine and water samples
